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A sustainable way of recycling polyamides: dissolution and ammonolysis of
polyamides towards diamines and diamides using simple ammonia and
biosourced glycerol
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PURPOSE OF THE ABSTRACT
With a production of 380 million metric tons (Mt) in 2015,[1] and a projected growth to 1.124 Mt by the year
2050,[2] it is clear that plastics are indispensable for our current and future modern society. This enormous
production however, goes hand in hand with a generation of a large amount of plastic waste, especially because
of our longtime take-make-dispose approach of consumable materials. To achieve the transition of the current
linear plastics economy to a desirable circular plastics economy, green and environmentally friendly recycling
processes must be developed for plastics. Moreover, these recycling processes should be economically feasible,
in order to compete with the production of new plastics starting from virgin, petrochemical feedstocks. Polyamide
66 (PA66) can be used in this respect as a potential source for the production of highly valuable, bifunctionalized
nitrogen-rich chemicals, due to the presence of the secondary amide bond. However, this secondary amide bond
is an intrinsic robust bond, due to its internal resonance stabilization. Moreover, each amide bond participates in
two strong hydrogen-bonds with two other polymer chains, which results in a rigid and stable polymer structure
represented by its high melting temperature (269 °C). Both characteristics pose severe challenges for the
chemical recycling of PA66, which are usually tackled by applying high temperatures (>275 °C),[3,4] supercritical
fluids,[5] and/or strong acidic or basic conditions.[6] In this work we report the successful ammonolysis of PA66,
which can operate under relatively mild conditions by applying a Lewis acid catalyst and an environmentally
friendly glycol solvent (Figure 1). This is a large improvement in greenness compared to traditional ammonolysis
processes of PA66, which are performed by melting PA66 at high temperatures (300 °C) and applying ammonia
as a liquid.[3] In addition, it is shown that especially the solvent plays a major role to the efficient ammonolysis
and that even the use of a bio-based crude glycerol waste stream as a solvent leads to the successful
ammonolysis of PA66.

The first aim of this research was to dissolve PA66 at mild temperatures. By dissolving the polymer in a solvent,
the secondary amide bonds will be more accessible and therefore more prone to a nucleophilic attack of NH3.
With an emphasis on green and environmentally friendly solvents, ethylene glycol was selected, which with its
polar and protic properties is able to dissolve PA66 successfully at 180 °C. Subsequently, the ammonolysis of
PA66 was conducted in ethylene glycol with 1 bar NH3, which resulted in 36% of broken polyamide bonds after
20 h (Figure 2). To increase this amount, a catalyst screening was performed, which revealed that homogeneous
hard Lewis acids perform best. In the case of La(OTf)3, 53% of the polyamide bonds were broken after 20 h. By
changing the solvent to glycerol, a remarkable increase of broken polyamide bonds was observed (69% after 20
h), although the concentration of NH3 was nearly equal in both solvents. Remarkably, even in absence of a
catalyst, 67% of the polyamide bonds were broken in glycerol. This amount of broken bonds moreover represents
the equilibrium of the ammonolysis of PA66 under these conditions, since the reverse reaction (starting from
hexamethylenediamine and adipamide) resulted in the same amount of free amines (68%). To explain the high



activity of these glycol solvents, we postulate that these solvents possess a proton shuttle effect by forming a
hexagonal hydrogen bond transition state [7] and are able to activate NH3 through the formation of a stable 7-ring
double hydrogen bond transition state [8]. These findings suggested that crude glycerol obtained from a
biorefinery process, could serve as a solvent for the ammonolysis of PA66. To our delight, after a simple filtration,
the industrial glycerol sample proved to be an even more suitable solvent for the ammonolysis of PA66.



FIGURES

FIGURE 1
Graphical representation of the aim of this work. 
Ammonolysis of PA66: Top: state-of-the-art, PA66
melted at high temperatures. Bottom: This work,
which aims at a more green ammonolysis process at
mild reaction conditions by dissolving PA66 in a
solvent. 

FIGURE 2
Influence of the solvent on the ammonolysis of PA66.
Top: Proton shuttle effect and activation of ammonia.
Bottom: Number of broken PA66 bonds over time for
different solvents. 
Conditions time profiles: 0.1 M PA66 in glycol solvent
(10 mL), 200 °C, 1 bar NH3. 
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